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High-angle annular dark-field scanning transmission electron microscopy (HAADF- 
General information
All commercially available compounds were used as received. Product quantification was performed on a Shimadzu GC-2010 with a DB-1ht column and a flame ionization detector, while an Agilent 6890 gas chromatograph with a HP-1 MS column and a 5973 MSD mass spectrometer was used for product identification. Liquid 1 H NMR spectra were recorded on a Bruker AMX-300 spectrometer at 300 MHz (16 scans) and the data were analyzed using the MestReNova 12.0.2 software package. Powder X-ray diffraction (PXRD) data were recorded on a Malvern PANalytical Empyrean diffractometer equipped with at PIXcel 3D 1x1 detector. Samples were loaded onto a 96-well sample holder and patterns were recorded at room temperature in transmission geometry within a 1.3 °-50 ° 2Θ-range with a step size of 0.013 °. The theoretical patterns were simulated by Mercury 3.10 based on the corresponding CIFfiles. The leached palladium content in solution was determined by ICP-OES using a Varian 720-ES after evaporating the organics and redissolving the metal residue in aqua regia. Fourier transform infrared spectroscopy (FTIR) was performed on a potassium bromide (FTIR grade, Sigma-Aldrich) pellet containing 10 wt % MOF using a Nicolet 6700 spectrometer. The pellet was activated in situ under vacuum (1 mbar) at 100 °C for 2 h to remove physisorbed water. Pd K-edge X-ray absorption spectroscopy (XAS) spectra were collected at the DUBBLE XAFS beam line (BM26A) of the European Synchrotron Radiation Facility and analyzed with the Athena and Artemis software packages. 1, 2 Normalization of the data and background removal were performed in Athena and the X-ray absorption edge energy was calibrated using the spectrum of Pd 0 foil. Artemis and its integrated FEFF6 software were used for the extended X-ray absorption fine structure (EXAFS) analysis and the fits were made in R-space with the k 2 -weighted Fourier-transformed EXAFS data. High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images for energy-dispersive X-ray spectroscopy (EDX) were collected using an aberration corrected cubed FEI Titan microscope operating at an acceleration voltage of 300 kV. The samples were prepared by diluting the powder in ethyl acetate and depositing drops of the suspension on a copper grid covered with a holey carbon film.
General procedure catalytic reactions
Generally, 2.000 mL (16.58 mmol) o-xylene (99 %, Acros), 8.30 µL (82.85 µmol; 0.5 mol %) 1-propanesulfonic acid (95 %, Acros), 0.118 mL (2.07 mmol; 12.5 mol %) acetic acid (glacial, Fisher) and 0.100 mL hexadecane (internal standard) (>99 %, Sigma-Aldrich) were added to 1.86 mg (8.29 µmol; 0.05 mol %) Pd(OAc)2 (99.9 %, Acros) and (8.29 µmol; 0.05 mol %) MOF in a 10 mL stainless steel autoclave. The reactors were flushed three times with pure O2 to remove the remaining air and subsequently pressurized with pure O2 to 16 bar. The valves were then closed and the reactors were placed in a preheated 4-well aluminum block. The reaction was conducted under stirring at 90 °C for 17 hours. After reaction, the reactors were cooled on ice, the MOF was separated from the reaction medium via centrifugation and the products were analyzed using GC-FID/GC-MS. This procedure was also used to acquire the data of the reaction kinetics. In accordance to literature reports, 3, 4 the TON is defined as TON = 2 x mole (biaryl) / mole (Pd). Note: a thorough safety assessment has to be made before applying such hazardous conditions and these reactions should only be performed in proper equipment that ensures safe handling at all times.
MOF synthesis MOF-808
MOF-808 was synthesized in a 250 mL Teflon lined stainless steel autoclave by dissolving 3.220 g (10.00 mmol) zirconyl chloride octahydrate (>98 %, Acros) and 0.700 g (3.33 mmol) trimesic acid (95 %, Sigma Aldrich) in 100 mL DMF (>99 %, Acros) and 56 mL acetic acid (glacial, Fisher). The resulting solution was then placed in a synthesis oven at 135 °C for 24 h.
After synthesis, the obtained precipitate was washed three times with DMF, three times with ethanol and dried at room temperature. In each step, the material was centrifuged at 4000 rpm for 20 min and the supernatant was decanted. After the first washing steps, 1.000 g MOF-808 was redispersed in 100 mL of a 0.1 M aqueous solution of sodium acetate (99 %, Acros) for 24 h under mild stirring to remove the chloride anions which can cap the Zr-clusters (vide infra). Afterwards, the material was washed three times with deionized water. In order to remove the acetate modulators from the Zr-clusters, an adapted literature procedure was followed. 5 The 'wet' MOF-808 powder was first redispersed in 100 mL of a 0.1 M aqueous solution of 1-propanesulfonic acid (95 %, Acros). Finally, the material was washed three times with deionized water, three times with ethanol and dried at 115 °C under vacuum (1 mbar) for 24 hours. The removal of the acetate modulators was confirmed by 1 H NMR after digesting the samples in hydrofluoric acid.
Since the Zr-clusters of both MOF-808 and UMCM-309a are only 6-fold coordinated by the organic linkers, the remaining six coordination sites are occupied mostly by the modulator (acetate or formate) but also by chloride anions. These chloride anions can poison the active palladium catalyst, so removing the chloride anions by an extra washing step with a 0.1 M aqueous solution of sodium acetate is necessary to obtain high TONs in the first run ( Figure S1 ). 
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UMCM-309a UMCM-309a was synthesized in a 250 mL pyrex Schott bottle by dissolving 0.117 g (0.50 mmol) zirconium(IV) chloride (Sublimed 99.95 % Zr, ABCR) and 0.110 g (0.25 mmol) 1,3,5-tris(4-carboxyphenyl)benzene (homemade linker) 6 in 45 mL DMF (>99 %, Acros). Subsequently, 11 mL formic acid (98 %, Carl Roth), 5 mL hydrochloric acid (37 % solution in water, Fisher) and 5 mL methanol (HPLC grade, Acros) were added. The resulting solution was then placed in a synthesis oven at 100 °C for 18 h.
After synthesis, the obtained precipitate was washed two times with DMF, three times with methanol and dried at 180 °C for 8 h. To remove the chloride anions and modulators from the Zr-clusters, the same washing procedure as for MOF-808 was applied.
Zr-abtc
Zr-abtc was synthesized according to a newly developed green synthesis procedure in water. In a 100 mL round bottom flask, 0.891 g (2.76 mmol) zirconyl chloride octahydrate (>98 %, ABCR) and 0.895 g (2.50 mmol) 3,3′,5,5′-azobenzene-tetracarboxylate (h4abtc) were mixed with 25 ml formic acid (97 %, Alfa Aeser) and 25 ml water and the resulting mixture was heated under reflux for three hours. After synthesis, the obtained precipitate was washed with ethanol and dried at 115 °C under vacuum (1 mbar) for 24 hours.
The h4abtc linker was synthesized according a literature procedure. 7 The cell parameters of Zr-abtc synthesized following our newly developed green synthesis procedure match with the values described in the literature. c / Å 21.5275 (9) 21.61 (9) α / °90 90 β / °122.260 (2) 122.57 (2) γ / °90 90
UiO-66-COOH UiO-66-BDC-COOH was prepared by following a green synthesis route. 
UiO-66
UiO-66 was synthesized in a 1 L pyrex Schott bottle by dissolving 3.360 g (20.00 mmol) terephthalic acid (99+ %, Acros), 3.105 g (13.30 mmol) zirconium(IV) chloride (Sublimed 99.95 % Zr, ABCR) and 2 mL hydrochloric acid (37 % solution in water, Fisher) in 400 mL DMF (>99 %, Acros). The resulting solution was then placed in a synthesis oven at 120 °C for 24 h.
After synthesis, the obtained precipitate was washed three times with DMF, three times with ethanol and dried at 115 °C under vacuum (1 mbar) for 24 hours. In each step, the material was centrifuged at 4000 rpm for 20 min and the supernatant was decanted.
UiO-67-bipy
UiO-67 was synthesized in a 250 mL pyrex Schott bottle by dissolving 0.310 g (1.27 mmol) 2,2′-bipyridine-5,5′-dicarboxylic acid (97 %, Sigma-Aldrich) in 100 mL N,N-dimethylformamide (DMF) (>99 %, Acros). After sonication, 0.296 g (1.27 mmol) zirconium(IV) chloride (99 %, ABCR) was added, followed by 2 mL acetic acid (glacial, Fisher) and 0.5 mL hydrochloric acid (37 % solution in water, Fisher). The resulting solution was then placed in a synthesis oven at 120 °C for 48 h.
After synthesis, the obtained precipitate was washed three times with DMF and three times with ethanol. In each step, the material was centrifuged at 4000 rpm for 20 min and the supernatant was decanted. After the washing steps, the material was dried at 115 °C under vacuum (1 mbar) for 24 hours.
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Zirconium oxide Zirconium oxide was purchased from Alfa Aesar and used after drying at 115 °C under vacuum (1 mbar) for 24 hours.
Smopex-102
Smopex-102 is a commercially available acrylic acid grafted polyolefin fiber of Johnson Matthey. The cation exchange capacity of this polymer with pendent carboxylic acid groups is 7-10 mmol/g.
MOF loading
The MOF supports were usually loaded in situ with Pd(OAc)2, although preloading in o-xylene or heptane could also be achieved. Generally, 8.23 mg (36.66 µmol) Pd(OAc)2 was added to 50.00 mg (36.66 µmol) MOF-808 in 1 mL o-xylene or heptane, implying that only 1 out of maximally 6 anchoring sites is occupied by Pd. After stirring this slurry overnight, the solvent became colorless and was removed after centrifugation. The palladium loaded MOF powders were then dried under vacuum (1 mbar) at room temperature. The mass of the preloaded samples after drying was 58.06 mg and 58.18 mg for preloading in heptane and o-xylene, respectively, confirming that the solvent was efficiently removed. Chemoselectivity is defined as the percentage of biaryls relative to all formed products (oxidation products, biaryls and triaryls). Table S3 . Effect of the MOF supports on the amount of Pd leaching in the reaction solution after reaction performed under the standard reaction conditions. The values were determined by ICP-OES. Zr leaching was found to be < 0.5 %, indicating that these MOFs are stable under the standard reaction conditions. For the homogeneous reaction, 98 % of the added Pd content was found which validates the experimental method. 
Palladium leaching
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Hot filtration test 
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Product inhibition experiments
Product inhibition experiments were performed on the homogeneous reaction by adding water and bixylyl product to distinguish between product inhibition and catalyst deactivation. The initial amount of o-xylene of the reactions in entry 2, 3 and 4 (16.21 mmol) equals the amount of o-xylene of the reaction under the standard reaction conditions in entry 1 after 6 h (when 2.25 % of the original 16.58 mmol has been converted) (Table S5) . Furthermore, 0.19 mmol water or bixylyl product (3,3',5,5'-tetramethylbiphenyl) were added to the reactions of entries 3 and 4, respectively. This is the same amount of water and bixylyl products formed in situ in the reaction of entry 1 after 6 h.
The time-adjusted kinetic profiles of the reactions of entries 2, 3 and 4 are almost identical but do not match the profile of entry 1 ( Figure S13 ). Hence, this implies that the decrease in yield over time is predominantly due to catalyst deactivation and not inhibition by the added products like water or bixylyl. This also confirms our hypothesis that isolation of the active sites on the MOF supports prolongs catalyst lifetime, since the decrease in yield over time is less pronounced when MOF supports are added ( Figure 5 ). However, after many catalytic cycles (TONs > 400), a large amount of water is formed and product inhibition due to water formation is observed (see Table S2 , entries 30 and 31). For instance, when 1.81 mmol water is added, only 276 TONs can be achieved after 17 h under the optimized reaction conditions instead of 436. Drying of the MOF supports after each run under vacuum at room temperature for 24 h solves this issue ( Figure S14 ). (Table S5 , entry 1), blue (Table S5 , entry 2), orange (Table S5 , entry 3), green (Table S5 , entry 4). Lines were added as a guide to the eye. 
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Influence of the oxygen pressure
Determination of the Kinetic Isotope Effect
The general procedure for the catalytic reactions was slightly adapted to determine the Kinetic Isotope Effect. Briefly, 2.000 mL (16.58 mmol) o-xylene or 2.022 mL (16.58 mmol) o-xylene-d10 (Sigma, 99 %, 99 atom % D), 8.30 µL (82.85 µmol) 1-propanesulfonic acid, 0.118 mL (2.07 mmol) acetic acid and 0.1 mL hexadecane (internal standard) were added to 1.86 mg (8.29 µmol) Pd(OAc)2 and (8.29 µmol) MOF in a 10 mL stainless steel autoclave. The oxygen pressure was set to 16 bar and the reaction was conducted under stirring at 90 °C for 1.5 hours in a preheated 4-well aluminum block. After reaction, the reactors were cooled on ice, the MOF was separated from the reaction medium via centrifugation and the products were analyzed using GC-FID/GC-MS. . High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images of (A) preloaded MOF-808; no Pd nanoparticles are observed, (B) MOF-808 after reaction; Pd nanoparticles are observed and found to be homogeneously dispersed on the MOF crystals within a narrow size distribution and (C) UiO-66 after reaction; Pd nanoparticle aggregation can clearly be observed.
